
V 




CLAIMS: 

\ 1 . A method |for producing a silicon single crystal ingot under the 

y \ 

following conditions: ! 

(a) V/G value froifri a crystal center position to a crystal outer periphery 
position = 0. 16 - 0. 18 mmT/°C • min, 

(b) G outer / G center < 1.10, where V (mm/min) is a pulling speed in the 
Czochralski method, G (°Cmim) is an average value of an in-crystal temperature 
gradient in a pulling axis direction within a temperature range from a silicon melting 
point to 1350°C, G outer is a G value on an outer surface of the crystal, and G center 
is a G value at the center of tfye crystal. 

2. The method fo| producing a silicon single crystal ingot according to 

i 

Claim 1, characterized in that said conditions (a) and (b) are adjusted by changing a 
distance between a heat shielding element equipped in a Czochralski method-based 

silicon single crystal production device and silicon melt. 

\ 

3 . The method for producing a silicon single crystal ingot according to 
laim 1 or Claim 2, characterized in that said conditions (a) and (b) are adjusted by 

changing the pulling speed of the\silicon single crystal ingot when the silicon single 
crystal ingot is produced by the Czochralski method. 



4. A silicon single crystal wafer wKh decreased grown-in defects, which 
is obtained from said silicon single crystal ingot according to one of Claims 1 to 3 , 
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5. A silicon perfect sln^le^crystal wafer free from grown-in defects, 
which is obtained from said silicon singtevcrystal ingot according to one of Claims 1 
to 3. \ 



6. A mfethod of producing a silicon single crystal ingot, characterized in 
that the silicon single crystafl na/ot is produced while adjusting a distance between a 
heat shielding element equipped in a Czochralski method-based silicon single crystal 
production device and silicon melt. 



{\(^\ • A pzochralski method-based silicon single crystal production device, 
comprising, in a closed container, a crucible element which stores silicon melt, rotates 
and is vertically driven, a pulling element for pulling a silicon single crystal ingot, 
while rotating, from said silicon melt, a heating element for heating said crucible, 
element and a heat shielding element for shielding radiating heat from said heating 
element, 

characterized in thaia drive mechanism for moving said heat shielding 
element is equipped for changing an in-crystal temperature gradient in a pulling axis 
direction of the silicon single crystal ingot. 



8. A method for obtaining an effect equivalent to changing a pulling 
speed of a silicon single cry^ta^ingot by a Czochralski method by adjusting a distance 
between a heat shielding\elen\Jpnt ^quipped in a Czochralski method-based silicon 
single crystal production device and silicon melt. 
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^J?^^ ^> 9. | A heat treating method for a silicon single crystal wafer related to a 
perfect crystal feroduced by a Czochralski method, characterized in that a heat 
treatment temperature at the initial entry of the silicon single crystal wafer to be a 
target of the heat! treatment is 500°C or less, and a temperature ramping rate in a 
temperature ranga from the heat treatment temperature at initial entry to an ultimate 
temperature set in\i range of "700°C - 900°C" is set to l°C/min or less. 



10. A heiat treating method for a silicon single crystal wafer related to a 
perfect crystal produced by a Czochralski method, characterized in that a heat 



treatment temperaturfe at the initial entry of the silicon single crystal wafer to be a 
target of the heat treatment is 500°C or less, and a temperature ramping rate in a 
temperature range from the heat treatment temperature at initial entry to an ultimate 
temperature set in a ralige of "700°C - 900°C" is set to l°C/min or less, so as to 
uniform the distribution of an oxide precipitate density of the silicon single crystal 
wafer after heat treatment 

11. A heat treating method for a silicon single crystal wafer related to a 
perfect crystal produced by a Czochralski method, characterized in that a heat 



treatment temperature ai 



the initial entry of the silicon single crystal wafer to be a 



target of the heat treatment and a temperature ramping rate from the heat treatment 
temperature at initial entiW to an ultimate temperature set in a range of "700°C - 
900°C" are adjusted so ag to adjust the distribution of an oxide precipitate density of 



the silicon single crystal w 



afer after heat treatment. 
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12. The method according to Claim 9, characterized in that the oxygen 
concentration of the perfect crystal is 13 x 10 17 atoms/cm 3 or less. 

13. A silicon single crystal wafer produced by the method according to 
Claim 12. 



14. A rlpethod for controlling a Czochralski method- (hereafter CZ method) 
based single crysta ingot production device comprising a cooler for cooling a 
predetermined locajtion of a single crystal ingot being pulled from melt (hereafter 
single crystal pullinjg ingot), 

characterized in that when a tail of said single crystal pulling ingot is formed, 
the power consumption of the single crystal ingot production device is decreased by 
moving said coolerj away fron^ the^olid-liquid interface between said single crystal 
ingot and said mel 



15. A rriethod for co\atrollir4 a Czochralski method- (hereafter CZ method) 

i / 

based single crystal! ingot production device where a single crystal ingot is pulled 

from melt in a heated crucible, said CZ method-based single crystal ingot production 

1 

device comprising a ipooler in a furnace for cooling a predetermined location of a 

single crystal ingot bejng pulled, 

\ 

characterized iri that a production time of a single crystal ingot is decreased by 

\ 

moving said cooler and ,the crucible for which heating is over closer to each other 
after pulling said single Crystal ingot out of said melt. 
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16. The method according to Claim 15, characterized in that said single 
crystal ingot is a single crystal ingot which includes a portion of a perfect crystal. 



17. A Czochralaki method- (hereafter CZ method) based single crystal 
ingot production device, comprising a cooler, in a furnace, for cooling a 
predetermined location of a single crystal ingot being pulled from melt in a heated 
crucible (hereafter single crystal pulling ingot), 

characterized in that! said cooler is raised to move said cooler away from a 
solid-liquid interface between said single crystal ingot and said melt when a tail of 
said single crystal pulling ir got is formed. 

18. A Czochrahki method- (hereafter CZ method) based single crystal 
ingot production device comprising a pooler, in a furnace, for cooling a predetermined 



location of a single crystal 



ingot being \pulfed-from melt in a heated crucible, 

\ 



characterized in thut said coolerds lowered to cool the crucible for which 

\ X 

heating is over after pulling said single crystal ingot out of said melt. 



19. The CZ 
to Claim 18, characterizec 



method-based single crystal ingot production device according 
in that the cooler is lowered to inside said crucible. 



20. 



A Czochra 



ski method- (hereafter CZ method) based single crystal 



ingot production device comprising a cooler, in a furnace, for cooling a predetermined 
location of a single crystal i^got being pulled from melt in a heated crucible, 
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characterized in that said drucible is raised to cool said crucible by moving 
said cooler and the crucible for wtiich heating is over closer to each other after pulling 
said single crystal ingot out of said melt. 



21 . A Czochralski method- (hereafter CZ method) based single crystal 
ingot production device comprising a cooler, in a furnace, for cooling a predetermined 
location of a single crystal ingot fcfeing pulled from melt in a heated crucible (hereafter 
single crystal pulling ingot), j 

characterized in that, whjn a tail of said single crystal pulling ingot is formed, 
said cooler is raised to move sai| cooler away from a solid-liquid interface between 
said single crystal ingot and saidj melt, afidWid cooler is also lowered to cool the 

I / ) 

crucible for which heating is ov^r aft^r pufling said single crystal ingot out of said 
melt. I 



22. A method for rj^oducing^ajjj/igle crystal ingot using a Czochralski 
method- (hereafter CZ metho<|) based single crystal ingot production device 
comprising a cooler, in a furnace, for cooling a predetermined location of a single 
crystal ingot being pulled from melt in a heated crucible (hereafter single crystal 

i 

pulling ingot), characterized iji that a size of a diameter of said single crystal pulling 
ingot is adjusted by changing a distance of said cooler from a solid-liquid interface 
between said single crystal inaot and said melt__ 




23 . The CZ method^ased single crystal ingot production device according 
to one of Claims 17 to 21, characterize^kitfiat said single crystal ingot is a single 
crystal ingot, including a portion of a perfect cryst 
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